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© Device and method for digitally shaping the quantization noise of an n-bit digital signal, such as for 
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© A device (e.g., 215 , 220) for digitally shaping 
the quantization noise of an N-bit digital signal, N 
being a positive integer, characterized in that the 
device comprises: a register (e.g., 230) for masking 
out selected bits of the N-bit digital signal to pro- 
duce an M-bit digital signal, M being a positive 
integer less than N; a digital noise-shaping coder 
(e.g., 240, 250), coupled to the register (e.g., 230), 
for shaping the quantization noise of the masked out 
bits; and an accumulator (e.g., 260), coupled to the 
register (e.g., 230) and the coder (e.g., 240, 250), for 
accumulating the digital signals received from the 
register (e.g., 230) a nd the coder (e.g., 240, 250). 
Likewise, a method of digitally shaping the quantiza- 
tion noise of an N-bit digital signal, N being a posi- 
tive integer, characterized in that the method com- 
prises the steps of: masking selected bits of an N-bit 
digital signal to produce an M-bit digital signal, M 
being a positive integer less than N; digitally coding 
the masked bits of the N-bit digital signal to produce 
a B-bit digital signal, B being a positive integer less 
than N-M; and accumulating the M-bit digital signal 
and the B-bit digital signal. 
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Technical Field 

This invention relates to shaping the quantiza- 
tion noise of a digital signal, such as may be 
accomplished, for example, during digital-to-analog 
conversion. 

Background of the Invention 

Digital-to-analog conversion, which may include 
oversampling or shaping the quantization noise of a 
digital signal, is well-known and has a wide variety 
of applications, including digital audio, digital 
telephony, and digital instrumentation, to name 
only a few. Digital-to-analog conversion is dis- 
cussed, for example, in "Oversampling Methods for 
A/D and D/A Conversion," by James C. Candy and 
Gabor C. Temes, appearing in the text Oversam- 
pling Delta-Sigma Data Converters: Theory, Design 
and Simulation, edited by James C. Candy and 
Gabor C. Temes, and published by IEEE Press 
(1992), "Oversampled, Linear Predictive and Noise- 
Shaping Coders of Order N>1," by Stuart K. Tewk- 
sbury and Robert W. Hallock, and appearing in the 
aforementioned Candy and Temes text, "Optimal 
Non recursive Noise Shaping Filters for Oversam- 
pling Data Converters, Part 1: Theory" and "Op- 
timal Nonrecursive Noise Shaping Filters for Over- 
sampling Data Converters, Part 2: Applications" by 
Steven R. Norsworthy, appearing in IEEE Proc. 
ISCAS '93, Vol. 2, pp 1353-1360, May 1993. One 
conversion technique, described in "A 16-bit Fourth 
Order Noise-Shaping D/A Converter," by L. R. Can- 
dy and John Kenney, also appearing in the Candy 
and Temes text, includes coupling a sigma-delta 
modulator to a conventional digital-to-analog con- 
verter, which is then followed by a lowpass analog 
filter. It will be appreciated that the terms delta- 
sigma modulator and sigma-delta modulator are 
generally used interchangeably in this context. The 
digital-to-analog conversion technique of the Carley 
and Kenney paper relaxes the constraints on the 
lowpass analog filter and reduces the amount of 
out-of-band noise present in the signal provided to 
the lowpass analog filter where a multibit sigma- 
delta modulator is used. However, the problems 
associated with achieving precise quantization level 
conversion in the conventional digital-to-analog 
converter coupled to the multibit sigma-delta 
modulator are well-known. Furthermore, all N-bits 
of an N-bit digital signal must be processed in the 
architecture of the Carley and Kenney paper. This 
large data path, thus, introduces some significant 
hardware complexity for the sigma-delta modulator. 

Another approach or technique is employed in 
the Burr-Brown PCM67 Digital-to-Analog (D/A) Con- 
verter chip described on pages 6.2.189-6.2.192 of 
the Burt-Brown IC Databook Supplement, Vol. 33c. 



This chip uses a 10-bit conventional digital-to-ana- 
log converter (DAC) for the upper or most signifi- 
cant 10 bits of an 18-bit digital input signal. It also 
uses a 1-bit first-order sigma-delta modulator for 

5 the lower or least significant 8 bits of the 18-bit 
digital input signal. The sigma-delta modulator em- 
ploys oversampling at 384 times the Nyquist rate, 
producing a 1 -bit digital signal that is provided to a 
1-bit DAC. The analog output currents from the 10- 

w bit DAC and the 1-bit DAC are then summed to 
provide the analog output signal for the chip. 

The "Burr- Brown" approach, although reducing 
the problems associated with quantization level 
conversion of the output signal of a conventional 

15 multibit sigma-delta modulator, has other disadvan- 
tages. In particular, the accuracy of the analog 
output signal produced is limited by the accuracy 
of combining the analog output currents from the 
two DACs. In addition, any direct current (DC) 

20 offset, slew rate limiting, thermal noise and other 
analog device anomalies will result in imperfect 
cancellation of the truncation error that occurs 
when the 18-bit digital input signal is truncated to 
provide the 10-bit digital signal for the 10-bit DAC. 

25 Furthermore, the truncation error fed to the 1-bit 
first-order sigma-delta modulator may overload its 
1-bit quantizer, resulting in nonlinearities that may 
not be easily removed. This problem may be even 
worse for a sigma-delta modulator having an order 

30 higher than first order. This situation may, there- 
fore, ultimately degrade the noise floor of the digi- 
tal output signal produced by the 1-bit sigma-delta 
modulator. Furthermore, as is well-known, a 1-bit 
first-order sigma-delta modulator introduces signifi- 

35 cant pattern noise in its output signal. Thus, a need 
exists for a device or method for digitally shaping 
the quantization noise of a N-bit digital signal, such 
as for use in digital-to-analog conversion, that re- 
duces or diminishes the foregoing problems. 

40 

Summary of the Invention 

Briefly, in accordance with one embodiment of 
the invention, a device for digitally shaping the 

45 quantization noise of an N-bit digital signal, N being 
a positive integer, comprises: a register for mask- 
ing out selected bits of the N-bit digital signal to 
produce an M-bit digital signal, M being a positive 
integer less than N; a digital noise-shaping coder, 

so coupled to the register, for shaping the quantization 
noise of the masked-out bits; and an accumulator, 
coupled to the register and the coder, for accu- 
mulating the digital signals received from the regis- 
ter and the coder. Likewise, a method of digitally 

55 shaping the quantization noise of an N-bit digital 
signal, N being a positive integer, comprises the 
steps of: masking selected bits of an N-bit digital 
signal to produce an M-bit digital signal, M being a 
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positive integer less than N; digitally coding the 
masked bits of the N-bit digital signal to produce a 
B-bit digital signal, B being a positive integer less 
than N-M; and accumulating the M-bit digital signal 
and the B-bit digital signal. 

Brief Description of the Drawings 

The subject matter regarded as the invention is 
particularly pointed out and distinctly claimed in the 
concluding portion of the specification. The inven- 
tion, however, both as to organization and method 
of operation, together with the objects and advan- 
tages thereof, may best be understood by refer- 
ence to the following detailed description when 
read with the accompanying drawings in which: 
FIG. 1 is a block diagram of a multibit sigma- 
delta modulator coupled to a conventional digi- 
tal-to-analog converter. 

FIG. 2 is a block diagram of a digital-to-analog 
converter that employs a 1-bit first-order over- 
sampled sigma-delta modulator. 
FIG. 3 is a block diagram of one embodiment of 
a device for digitally shaping the quantization 
noise of an N-bit digital signal in accordance 
with the invention, such as may be used in 
digital-to-analog conversion. 
FIG. 4 is a block diagram of another embodi- 
ment of a device for digitally shaping the quan- 
tization noise of an N-bit digital signal in accor- 
dance with the invention, such as may be used 
in digital-to-analog conversion. 
FIGs. 5 and 6 are, respectively, plots of simula- 
tion results illustrating the performance of a mul- 
tibit oversampled sigma-delta modulator and the 
performance of a device for digitally shaping the 
quantization noise of an N-bit digital signal in 
accordance with the invention having the ar- 
chitecture of the embodiment illustrated in FIG. 
4. In FIG. 5 a 10-bit quantizer was used; in FIG. 
6, a 3-bit quantizer. 

Detailed Description 

FIG. 1 is a block diagram of one possible 
embodiment of a digital-to-analog converter, such 
as one of the type illustrated in the aforementioned 
Candy and Kenney paper. As illustrated in FIG. 1, 
an 18-bit digital input signal is provided to a mul- 
tibit sigma-delta modulator 9. It will, of course, be 
appreciated that the number of bits selected for the 
digital signals in FIGs 1 and 2 is merely illustrative. 
Due to the noise shaping of the sigma-delta 
modulator, a 10-bit digital output signal is produced 
by the modulator and provided to a 10-bit conven- 
tional digital-to-analog converter (DAC) 20. The 
analog output signal produced by DAC 20 is then 
provided to an analog lowpass filter 30, resulting in 



the filtered analog output signal. Such a digital-to- 
analog converter provides some advantages in that 
at least some of the engineering design constraints 
on the lowpass analog filter are relaxed, at least in 

5 part, because the sigma-delta modulator is multibit 
rather than 1-bit. Nonetheless, disadvantages of the 
approach illustrated in FIG. 1 include the problems 
associated with the use of a multibit sigma-delta 
modulator, such as, for example, the difficulty of 

70 achieving precise linear quantization level conver- 
sion with a conventional DAC. Furthermore, all 18 
bits of the digital signal must be processed in this 
architecture. As previously suggested, this ap- 
proach introduces additional hardware complexity 

75 for the sigma-delta modulator. 

FIG. 2 is a block diagram of an alternative 
embodiment of a digital-to-analog converter, this 
embodiment employing a 1 -bit first-order oversam- 
pled sigma-delta modulator 150. The architecture 

20 illustrated in FIG. 2 corresponds to the aforemen- 
tioned Burr-Brown PCM67 D/A Converter Chip. As 
illustrated, an 18-bit digital input signal is provided 
to the chip. The digital input signal is truncated in 
that the ten most significant bits are provided to 

25 register 110 and the 8 least significant bits are 
provided to register 140. Likewise, the 10 most 
significant bits are then provided from register 110 
to a 10-bit DAC, which then provides an analog 
output signal. In a parallel signal path, the 8 least 

30 significant bits are provided to 1-bit first-order over- 
sampled sigma-delta modulator 150. A 1-bit digital 
output signal is provided by the sigma-delta 
modulator to a 1-bit DAC, which also produces an 
analog output signal. As illustrated in FIG. 2, analog 

35 gains G1 and G2 are calibrated or adjusted to be 
made equal so that the analog output signal pro- 
duced by DAC 120 and the analog output signal 
produced by DAC 160 may be summed or super- 
positioned at node 180 to produce the total analog 

40 output signal of the digital-to-anatog converter chip. 
Typically the gains G1 and G2 are adjusted or 
calibrated by laser trimming resistive elements on 
the chip. 

This approach, although avoiding the use of a 
45 conventional multibit sigma-delta modulator, has 
other disadvantages, as previously suggested. In 
particular, precise matching of gains G1 and G2 is 
particularly crucial and limits the accuracy of the 
analog output signal produced by the converter 
so chip. Likewise, other analog device anomalies may 
result in imperfect cancellation of the truncation 
error associated with truncating the 18-bit digital 
input signal to produce the 10-bit digital signal for 
DAC 120. These include thermal noise, slew rate 
55 limiting, and other anomalies. Furthermore, due to 
the presence of the 1-bit first-order sigma-delta 
modulator in the parallel signal path, the truncation 
error may overload the 1-bit quantizer of sigma- 
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delta modulator 150, resulting in nonlinearities that 
may also degrade the noise floor of the digital 
output signal produced. This overload problem is 
even more likely for a higher-order sigma-delta 
modulator. 

FIG. 3 is a block diagram of one embodiment 
of a device for digitally shaping the quantization 
noise of an N-bit digital signal in accordance with 
the invention. As illustrated, an N-bit digital signal, 
N being a positive integer, is provided to register 
230. It will be understood that, in this context, 
digital signals designated by upper case letters, 
such as X + E Q in FIG. 3, represent the Z-trans- 
formed version of a corresponding time or sampled 
data domain signal, typically designated by cor- 
responding lower case letters, such as x(n) + e Q (n), 
where n is an arbitrary signal index. Register 230 
masks N-M selected bits of the N-bit digital signal 
to provide an M-bit digital signal, M being a posi- 
tive integer less than N. In the context of the 
invention, the term masking selected bits of an N- 
bit digital signal refers to a process in which se- 
lected bits are removed from or "masked out" of 
the N-bit digital signal. This may be accomplished, 
for example, by a logical AND operation between 
the selected bits, i.e., the digital binary signals in 
the selected bit locations of the N-bit digital signal, 
and zero. Depending on the particular embodiment, 
masking register 230 may operate as a truncator 
that truncates the N-M selected bits of the N-bit 
digital signal. Thus, in this particular embodiment, 
the N-M selected bits are the N-M least significant 
bits of the N-bit digital signal. Where register 230 
truncates the N-M least significant bits of the N-bit 
digital signal, a truncation error, designated Ei in 
FIG. 3, is introduced into the N-bit digital signal 
produced by register 230. Thus, as illustrated in 
FIG. 3, where X + E D represents the N-bit digital 
signal, including its error E 0 , provided to register 
230, and X + E Q -Ei represents the M-bit digital sig- 
nal produced by register 230. 

The N-M masked bits are then provided to a 
digital noise-shaping coder 240. Thus, the trunca- 
tion error Ei , corresponding to the N-M least sig- 
nificant bits of the N-bit digital signal, is now pro- 
vided to digital noise-shaping coder 240. It will be 
understood that although FIG. 3 illustrates a par- 
ticular embodiment of a digital noise-shaping cod- 
er, the invention is not restricted in scope to this 
particular embodiment, which is provided only for 
purposes of illustration. Thus, for example, the digi- 
tal noise-shaping coder may comprise, without limi- 
tation, a sigma-delta modulator, such as one of the 
type illustrated in FIG. 4. Likewise, the digital 
noise-shaping coder may comprise a coder of any 
number of bits, such as a one-bit coder or a multi- 
bit coder. Likewise, the digital noise-shaping coder 
may have any order filter in its feedback path, its 



feed forward path, or both, and, in addition, it may 
have multiple feed forward loops, multiple feedback 
loops, or both. Furthermore, the digital noise-shap- 
ing coder may be multi-staged or cascaded. Thus, 

5 in general, depending on the particular application, 
any digital noise-shaping coder will suffice in which 
at least a portion of the in-band quantization noise 
of the coder is reduced at the expense of a portion 
of the out-of-band quantization noise. Moreover, in 

io the context of the invention, digitally shaping the 
quantization noise refers to a process whereby the 
power spectral density associated with the quan- 
tization error is shaped by digital filtering so that at 
least a portion of the amount of noise energy 

75 present over a predetermined range of relevant 
frequencies is reduced. 

As illustrated by digital noise-shaping coder 
240 of FIG. 3, the N-M bit digital signal may be 
superpositioned with a digitally filtered error signal, 

20 filtered by a digital noise-shaping filter H(z)-1, and 
then "requantized" by quantizer 310. This "requan- 
tized" digital signal is compared with the super- 
positioned digital signal before "requantization" to 
produce the "requantization" error signal, desig- 

25 nated E 2 in FIG. 3. This "quantization" error signal, 
E 2 , is the error signal mentioned above, filtered by 
the digital noise-shaping filter, H(z)-1 , and summed 
or superpositioned with the N-M bit digital signal 
provided by register 230. Digital noise-shaping fil- 

30 ters are described in more detail in the aforemen- 
tioned "Oversampling Methods for A/D and D/A 
Conversion" and "Oversampled, Linear Predictive 
and Noise-Shaping Coders of Order N>1." As illus- 
trated, the result of this digital signal processing is 

35 to produce a B-bit digital signal, B being a positive 
integer less than N-M, that may be summed or 
superpositioned with the M-bit digital signal at node 
or accumulator 260 to provide an M + B bit digital 
signal, M + B being a positive integer less than N. 

40 It may be desirable for the digital signal produced 
by the digital noise-shaping coder to be repre- 
sented as either a positive or negative signal. 
When this approach is employed, one of the bits at 
the B bit digital signal functions as a sign bit, and 

45 the digital signal produced at accumulator 260 may 
therefore comprise M + B-1 bits rather than M + B 
bits. By this technique of representing positive and 
negative signals in the coder, overloading of the 
quantizer may be avoided. 

so The result of embodiment 200 is to requantize 

digital signal X + E Q into another digital signal 
having fewer bits, for further signal processing. 
Furthermore, the quantization, or requantization, 
noise introduced by this process has been digitally 

55 shaped so that it is negligible in comparison with 
the noise, E 0 , of the initial signal E Q . Likewise, as 
illustrated in FIG. 3, this requantized digital signal 
may be provided to a conventional digital-to-analog 
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converter 270 to produce an analog output signal. 
Nonetheless, due to the digital shaping of the 
quantization noise accomplished, the hardware 
complexity of DAC 270 is reduced, at least in part, 
because the digital signal provided to the DAC has 
fewer bits than the initial digital signal. Thus, as 
illustrated, embodiment 200 of a device for shaping 
the quantization noise of an N-bit digital signal in 
accordance with the invention may also be em- 
ployed in a device for converting an N-bit digital 
signal to an analog signal to achieve some advan- 
tages over conventional digital-to-analog conversion 
approaches. 

Although in the embodiment of FIG. 3, the N-M 
least significant bits of the N-bit digital signal are 
masked by register 230, the invention is not so 
limited in scope. For example, a field of bits in the 
N-bit digital signal, other than the least significant 
bits, may be masked. In the context of the inven- 
tion, this is referred to as "digital signal bit field 
ranging." Likewise, non-contiguous bits may be 
masked, depending on the particular application. 
Furthermore, quantizer 310 illustrated in FIG. 3 
may comprise either a 1-bit quantizer or a multibit 
quantizer. One advantage of employing a 1-bit 
quantizer is the inherent linearity associated with 
only employing two digital signal output levels, 
particularly for small input signals where a substan- 
tial amount of the signal energy passes through the 
digital noise-shaping coder. Nonetheless, other ad- 
vantages may result from the use of a multibit 
quantizer as well. For example, if a 2 or 3-bit 
quantizer is employed, overload due to the trunca- 
tion error provided to the digital noise-shaping cod- 
er may be avoided. Furthermore, as previously 
suggested, the architecture illustrated in FIG. 3 
offers advantages in comparison with the approach 
in FIG. 1 in that fewer conversion levels for the 
DAC are required, thereby reducing the linearity 
problem presented. 

An advantage offered by the architecture illus- 
trated in FIG. 3 in comparison with the architecture 
illustrated in FIG. 2 includes exact cancellation of 
the truncation error. The truncation error is intro- 
duced when the N-bit digital signal is converted to 
an M-bit digital signal, the M bits being the most 
significant bits of the N-bit digital signal in this 
particular embodiment. Exact cancellation or cor- 
rection, however, occurs because the summation or 
superposition of the two digital signals at accu- 
mulator 260 in FIG. 3 is performed in the digital 
domain, as opposed to the analog domain as illus- 
trated in FIG. 2. Furthermore, by having only one 
DAC, the problem of analog mismatches between 
two different DACs, such as DAC 120 and DAC 160 
in FIG. 2, is avoided. 

Other advantages may be achieved by using a 
sig ma-delta modulator, such as modulator 250 in 



FIG. 4, in place of digital noise-shaping coder 240. 
Nonetheless, as previously discussed, the invention 
is not restricted in scope to the particular embodi- 
ments of a digital noise-shaping coder or sigma- 

5 delta modulator illustrated. In contrast with the pre- 
viously-described digital noise-shaping coder and 
as explained in more detail in the aforementioned 
"Oversampled, Linear Predictive and Noise-Shap- 
ing Coders of Order N>1, M in FIG. 4 the N-M bits 

io of the N-bit digital signal corresponding to trunca- 
tion error Ei are offset with the digital output signal 
of the sigma-delta modulator. As illustrated, the 
digital output signal of sigma-delta modulator 250 
is the requantized, digitally-filtered, N-M bits offset 

75 by the digital signal output of the sigma-delta 
modulator. Again, the quantizer, such as quantizer 
320 in FIG. 4, may be either 1-bit or multibit. When 
a multibit quantizer is employed, the sigma-delta 
modulator may be designed to an arbitrarily high 

20 order of noise shaping and still remain stable. This 
provides an advantage in that a reduction of the 
oversampling ratio, for an oversampled sigma-delta 
modulator, may be employed, thereby improving 
the usable speed and bandwidth of digital-to-analog 

25 converter 270 without a degradation in the signal- 
to-noise ratio in the baseband. Alternatively, as 
previously discussed with respect to FIG. 3, a DAC 
of reduced hardware complexity may be employed. 
It will, of course, be appreciated that if an oversam- 

30 pled sigma-delta modulator is employed, the digi- 
tal-to-analog conversion system illustrated in FIG. 4 
comprises the system after interpolation from a 
lower sampling rate has taken place. Thus, the 
digital signal provided to register 230 is already 

35 oversampled. 

FIGs. 3 and 4 illustrate yet other embodiments 
of a device for shaping the quantization noise of an 
N-bit digital signal in accordance with the invention. 
In these figures, high-level dither, such as de- 

40 scribed in U.S. Patent No. 5,144,308, entitled "Idle 
Channel Tone and Periodic Noise Suppression for 
Sigma-Delta Modulators using High Level Dither," 
by Norsworthy, issued September 1, 1992, as- 
signed to the assignee of the present invention, is 

45 illustrated in phantom. In FIGs. 3 and 4, D repre- 
sents the Z-transformed version of a time or sam- 
pled data domain dither signal, d(n). As illustrated 
in FIGs. 3 and 4 in phantom, dithering may be 
accomplished by superpositioning or adding a dith- 

50 er signal, typically white noise, such as may be 
produced by a dither signal generator, to the digital 
signal of the sigma-delta modulator, illustrated in 
FIG. 4, or the digital noise-shaping coder, illus- 
trated in FIG. 3, before the quantizer quantizes the 

55 digital signal. In the context of the invention, a 
sigma-delta modulator that also performs dithering, 
such as illustrated in FIG. 4, is referred to as a 
dithered sigma-delta modulator. 
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A device for digitally shaping the quantization 
noise of an N-bit digital signal, such as illustrated in 
FIG. 3, may operate in accordance with the follow- 
ing method. An N-bit digital signal is provided to 
masking register 230. Selected bits of the N-bit 
digital signal are masked to produce an M-bit digi- 
tal signal, M being a positive integer less than N. In 
FIG. 3, as previously discussed, the N-bit digital 
signal is truncated. The N-M masked or truncated 
bits of the N-bit digital signal are digitally coded, in 
the embodiment illustrated in FIG. 3 the N-M least 
significant bits, to provide a B-bit digital signal, B 
being a positive integer less than N-M. As pre- 
viously discussed, many different digital noise- 
shaping coders other than the embodiment illus- 
trated in FIG. 3 may be employed to accomplish 
this step. The M-bit digital signal produced from 
the N-bit digital signal and the B-bit digital signal 
produced from the N-M bit digital signal are then 
accumulated by accumulator or summing note 260. 
Furthermore, a conventional digital-to-analog con- 
verter, such as DAC 270, may convert the accu- 
mulated digital signal to an analog signal. As illus- 
trated in FIG. 4, digitally coding the masked N-M 
bits of the N-bit digital signal, may comprise sig- 
ma-delta modulating the N-M bits. As further illus- 
trated in phantom in FIGs. 3 and 4, dithering may 
also be included. For example, where the step of 
sigma-delta modulating the remaining bits of the N- 
bit digital signal other than the M-bits includes 
quantizing a digitally-filtered signal, such as illus- 
trated in FIG. 3, the step of sigma-delta modulating 
the remaining or masked N-M bits comprises 
superpositioning a dither signal, as previously dis- 
cussed, with the digitally-filtered signal and quan- 
tizing, or "requantizing," the superpositioned digital 
signal. 

FIGs. 5 and 6 are, respectively, plots of simula- 
tion results illustrating the performance of a multibit 
sigma-delta modulator, such as illustrated in FIG. 1, 
with a device for digitally shaping the quantization 
noise of an N-bit digital signal in accordance with 
the invention having the architecture of the embodi- 
ment illustrated in FIG. 4. To obtain these results, a 
16-bit sine wave was provided to a second-order 
multibit digital sigma-delta modulator. The quan- 
tizer of the modulator was 10 bits. The output 
signal of the quantizer was then provided an 
"ideal" 10-bit DAC. In this simulation, the oversam- 
pling ratio employed was 16. This produced a 
baseband noise floor of -105.1 dB. The spectrum 
produced is illustrated in FIG. 5, where f s is the 
oversampling frequency and 1024 "bins" of data 
are plotted. Next for direct comparison, the 16-bit 
sine wave described above was truncated to 8-bits. 
The 8 least significant bits were provided to a 
second-order sigma-delta modulator having only a 
3-bit quantizer, instead of the former 10-bit quan- 



tizer. The output signal of the quantizer was super- 
positioned with the 8 most significant bits of the 
initial 16-bit signal, producing a 10-bit output signal. 
This was also fed to an "ideal" 10-bit DAC. As 

5 before, the oversampling ratio employed was 16, in 
this case producing a baseband noise floor of 
-104.4 dB. The spectrum produced is illustrated in 
FIG. 6. As the respective spectra and the respec- 
tive noise floors indicate, the digital noise shaping 

io employed to produce FIG. 6 introduced some 
slight additional error into the resulting signal, how- 
ever, this error is negligible in comparison with the 
initial baseband noise floor. Thus, a reduction in 
the complexity of the hardware, in this case a 

75 reduction from a 16-bit digital signal path to an 8- 
bit digital signal path for the sigma-delta modulator, 
was achieved without a substantial degradation in 
the quality of the digital signal obtained. 

While only certain features of the invention 

20 have been illustrated and described herein, many 
modifications, substitutions, changes or equivalents 
will now occur to these skilled in the art. 

Claims 

25 

1. A device (e.g., 215, 220) for digitally shaping 
the quantization noise of an N-bit digital signal, 
N being positive integer, characterized in that 
said device (e.g., 215, 220) comprises: 

30 a register (e.g., 230) for masking out se- 

lected bits of the N-bit digital signal to produce 
an M-bit digital signal, M being a positive in- 
teger less than N; 

a digital noise-shaping coder (e.g., 240, 

35 250), coupled to said register (e.g., 230), for 

shaping the quantization noise of the masked 
out bits to produce a B-bit digital signal, B 
being a positive integer less than N-M; and 
an accumulator (e.g., 260), coupled to said 

40 register (e.g., 230) and said coder (e.g., 240, 

250), for accumulating the digital signals re- 
ceived from said register (e.g., 230) and said 
coder (e.g., 240, 250). 

45 2. The device (e.g., 215, 220) of claim 1, wherein 
said register (e.g., 230) comprises a truncator 
(e.g., 230); and 

wherein the masked out bits comprise the 
N-M least significant bits of the N-bit digital 

so signal. 

3. The device (e.g., 215, 220) of claim 1, wherein 
said coder (e.g., 240) comprises a multibit 
digital noise shaping coder (e.g., 240). 

55 

4. The device (e.g., 215, 220) of claim 1, wherein 
said coder (e.g., 240, 250) comprises multibit 
sigma-delta modulator (e.g., 250). 



6 



11 EP 0 660 532 A2 12 

5. The device (e.g., 215, 220) of claim 1, and 
further comprising: 

a digital-to-analog converter (e.g., 270), 
coupled to said accumulator (e.g., 260), for 
converting the digital signal received from said 5 
accumulator (e.g., 260) to an analog signal. 

6. A method of digitally shaping the quantization 
noise of an N-bit digital signal, N being a 
positive integer, characterized in that said 
method comprises the steps of: 

masking selected bits of the N-bit digital 
signal to produce an M-bit digital signal, M 
being a positive integer less than N; 

digitally coding the masked bits of the N- 
bit signal to provide a B-bit digital signal, B 
being a positive integer less than N-M; and 

accumulating the M-bit digital signal and 
the B-bit digital signal. 

7. The method of claim 6, wherein the step of 
masking comprises truncating the N-bit digital 
signal to produce the M-bit digital signal; and 

wherein the M-bit digital signal comprises 
the M most significant bits of the N-bit digital 
signal, M being a positive integer greater than 
one. 

8. The method of claim 7, wherein the step of 
digitally coding the masked bits comprises sig- 30 
ma-delta modulating the masked bits. 

9. The method of claim 6, and further comprising 
the step of converting the accumulated digital 
signal to an analog signal. 35 
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(54) Device and method for digitally shaping the quantization noise of an n-bit digital signal, such 
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(57) A device (e.g., 215 , 220) for digitally shaping 
the quantization noise of an N-bit digital signal. N being 
a positive integer, characterized in that the device com- 
prises: a register (e.g., 230) for masking out selected bits 
of the N-bit digital signal to produce an M-bit digital sig- 
nal, M being a positive integer less than N; a digital noise- 
shaping coder (e.g., 240, 250), coupled to the register 
(e.g., 230). for shaping the quantization noise of the 
masked out bits; and an accumulator (e.g. , 260), coupled 
to the register (e.g., 230) and the coder (e.g., 240, 250), 
for accumulating the digital signals received from the reg- 



ister (e.g., 230) a nd the coder (e.g., 240, 250). Likewise, 
a method of digitally shaping the quantization noise of 
an N-bit digital signal, N being a positive integer, charac- 
terized in that the method comprises the steps of : mask- 
ing selected bits of an N-bit digital signal to produce an 
M-bit digital signal, M being a positive integer less than 
N; digitally coding the masked bits of the N-bit digital sig- 
nal to produce a B-bit digital signal. B being a positive 
integer less than N-M; and accumulating the M-bit digital 
signal and the B-bit digital signal. 
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